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AIWROXIM4TERELATIONSF~ HINGE-MOMENT
cON3!ROLSURJ?ACESONSWEP3!WII?GSATLOWMACHNUMBERS
ByThomasA.TollendLeslieE.Schneiter
suMMARY-
An ~pproxlmatemethodofaccountingfortheeffectsofsweephas
beenappliedtopreviouslydeterminedquationsforthehinge+mmt
parametersofcc&rolsurfacesonunsweptwings.Themethodaccounts
fortheeffectsofsweeponthesectionpemmetersendmakesuseofthe
approximationthat,regardlessofthesweepangle,therelationbetween
theaverageinducedangleofattackandtheliftcoefficientisthe
sameasthatforanunsweptellipticwing.llft~aoe-theory
correctionsfm theinduced+auiberffectareconsideredinanapproximate
manner.Noattemptwasmadetoaccountforsubsoniccompressibility
effects,althougha briefdiscussionfsucheffectsisincluded.
A fewcomparismsofcalculatedandexperimantelr sultsforthe
hing~t parametersofvariousamangementsofcontrolsurfaceson
wingsham differentsweepimglesindicatethatthepredictedffects
ofsweepend.control+nnfacespanarereasonablyreliable.Asinthe
caseofmethodsdevelopedpreviouslyforunsweptwings,theaccuracyof
specificdeterminationsdepandsm theaccuracywithwhichthesection
parameterscm beevaluated.Theaccuracyoftheproposedmethodin
applicationstosweptwingsa~e~s tobeofabouthesameorderasthe
accuracyofpreviousmethodsinapplicationsto
~Pt *H” me 4
proposedmethod,therefore,isconsideredsuitablefor
desi~orformakingestimatesoftheeffectsofminor
INTRODUCTION
useinpreliminary
mcdifications.
Becauseoftheextremelyargehinge+omentvariationsthatare
knowntoaccmpenychangesinwhg profileshapeorin surfaceconditions,
q pr~ticd~thd forpredictingcontrol-suz5’aoehingemomentsmust
besoformulatedthatarbitrarysectioncharacteristicscanbereadily
accountedfor. Ofthevariouswingtheoriesthathavebeenproposedso
fe.r,thelifting-lineth oryprovidestheonlyconvenientmeansbywhich
equationsforthehinge+umentparametersofftiite+plmwingscanbe
writtenintermsofsectioncharacteriatics.Thesimplifiedconcepts
involvedinlifttu@tietheoryhavebeenshownbyananalysisapplicable
toailermsonunsweptwtngs(reference1)toresultinappreciable
errors.Suitablecorrectionshavebeenobtained,however,bymeansof
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theory;and as a result,designproceduresapplicableto .
unsweptwingshavebeenestablished.(Seereferences2 dnd3.) The
proceduresu edtnthesereferencesformaluatingthehinge—moment
Peremetersinvolvetheuseofliftin@ixm-theoryequationswithan .
additivecorrecticmfortheeffectsofhducedcaniber,asdeteminedby
a seriesofspecificlift~ace soluticms.Theadvanta~ofrelations
eqressedintermsofsectioncharacteristicsistherebyretained.
Theproceduresu edforevaluatingthehinge=momentparametersof
unsweptwingsmustbecerefuJJ.yinspectedinordertodetezm+ethedegree
oftheirapplicabilitytosweptwtcgs.Suchconsiderations ecessary ‘
sincethelift-linetheory,whichhaspruvidedthebasisforthe
method,isnotdirectlyapplicabletosweptwings.~ a strictsense,
determinaticmsofthehingemomentsofcontrolsurfacesonswept‘win@
canbeobtainedonlythruughdirectI.ifttng+urfacesolutionsb which
viscosityeffects,asmauld?estedinthesectioncharacteristics,camnot
beeasilyaccountedfor.A methodofmodifyingtheliftin&linetheory,
inordertoaccountapproximatelyfortheeffectsofsweep,wasproposed
h referencek amiwasthereinappliedtothedeterminationofthe
stabilityderivatives.Thesameconceptsareappliedinthepresentpaper
tothe~t ~ters. Simplequaticmsintermsofsection
ohsxacteristicsaxeobtained.A fewcomparisonsaremadebetweencalculated
andexperimentalresults.
.
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wingchmd measuredpsralleltoplaneofsymmetry
wingchordmeasuredperpendiculartowingqusmte~hord
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line
\
ccmtrol-surfacechordbackofhfngelinemeasured
perpend.iculsrtowingquarte~-herd
control-surface+mlancechordmeasured
* g@e*ti line
wingm?ea
line
perpendicularto
distsncefromplaneofsymmetrytoinboardendofccmtrol
surface
distance&m planeofsymnetrytooutboardendofccmtrol
surface
aspectratio
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taperatio;ratiooftipchordtorootchord
tr~dge ein@.e
amgleof sweepof wingquartez-chord line, d.egees
sngleofsweepofcontrol-surfacehingeline,degrees
.angleofattackmeasuredinplaneofsymmetry
control-smztkcedeflectionmeasuredinplaneperpendicular
tohingeline
effectivecontrol-surfacedeflectionmeasuredpsrd.lelto
* of S--
factorforevaluatinginducedcmibercorrectims,given
- as F/(ce/c)2 inreference3
incrementalcorrectionsforinduced-csnibereffect
I
correctionfactor,applicableto % ,foreffectsofcontrol+nzzfacespan
correcticmfactor,applicableto % ,foreffectsofccrdm@.-surfacespan
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(a)as%a=—‘6
Themibscri@x3outsidetheparenthesesofthefaregoingpertialderivatives
indicatehefactm?sheldconstantforevaluationfthederivatives.The J
foregoingderivativesa@y onlytotheremgesofsmallanglesofattack
enddeflectionsforwhichthecharacteristicserelinear.
SubscriptA = 0°,_ usedwithanyoftheforegobgderimtives,indicates
thatthederivativeisevaluatedforzerosweep.
“
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Thelift+urve
(reference5) tobe
DEVIZOEMENTOFMEl!EOD
SectiauOharaoteristics
slopeofa thinMinite+panwinghasbeenshcwn
modifiedbysweep,accordingtotherelatia-
c1 = fc~< COBA (1)
wheretheangleofattackismeasuredinthe@ene ofsymmetry.According
totheum.alconventiontheccmtrol-surfacedeflecticm5 ismeamredin
a planeperpendiculartothecontrolhtigeline.Forsmalldeflections-the
effectived flectionmeasuredintheplaneofqmmetry50 istherefore
relatedtothedeflection5 asfollows:
50=6 COSA
.
endtheeffectivenessparameterintermsof
expressedas
% = (%)A=OO‘ sA
..
(2)
thedeflectim5 ~canbe
(3)
Thecontrol-surfaceh@e+mment coefficient,asdefhed herein,is
basedontheareamomentofthecontrolsurfaceabouthehingeline.
Forunsweptandsweptwingswithcontrolsurfaceshavingtheseinechord
inthestreemdirectim,theareammentperunitspandecreasesa
thecosineofthesweepangle.Thiseffectcmtheh~ ntcoeffi–
cientiscsnceled,however,sincethedistancefrcmthehingelineto
thecen$erof pressureoftheaerodynamicloadcerriedbythec“ontrol
sur?aceisalsodqcreasedasthecosineofthesweepaqjl.e.Forthe
samechmxltiseloaddistribution,thehinge-mcmentcoefficient,therefore,
isproportimaltotheaerodynamicload,regemilessofthesweepaugle;
-— -.
end-consequently,fra equation(1)
% = (’+A=OO
end,similarly,fromeqzaticms(1)end
I c%= (%)&oo
cosA (k)
l
(3)
COS2A
..
(5)
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Therelationsjustgivencouldnotbeexpectedtoheveryreliable
forapplication= equationsforthecharacteristicsofa finite-span
taperedswept~, sincetiecatiol-~e m 1- men -d not
bepard.leltothesweeprefer-eline.Asa ftistapproximation,the
effectoftamermiEhtbecaeideredtobemanifestedcmlybya chsnge
intheeffec~ived flectionfthecontrol
~, thesweepaugleofthehingeltieis
thentherelationbetweenthedeflections
ratherthanby
rewrittenas
end
u
f50= 8 COSAh
surface.33’,fora tapered
designatedbythesymbol~,
80 end 6 iS @.wn by
whereasequations
h allinstances,
equatiau(2). Egpatim (3) end(5) thereforecsnbe
% = (%)LooCosAh
.
(6)
% = (%)A.C)OCosACos“ (7)
(1) and(4) remaintheseine.Thesectimpmm.meters,
houldcmrespmuitotheprofilendchordratioin
planesperpendic-totheqaarte~hcmdltneofthefiult~ w3ng.
Thisapproachcanbecmsideredtorepresent@ anartificialmeans
ofaccountingapproximatelyfortaper,sme a tapered~~tm~
wing cannot,infact,exist.
Finite+enCharacteristics
LiftW Une-theoryequations.-GIAUZert(reference6) hasshown
thatacccrd3mgtotheassumptionsoflift*l- tieory,*
parameters
~?~k’
Byequatingsection
lift3ng-line-thecry\
—. .. . . . -
—...
()a%“- %-. ”areindependentofaspectratio.
%
endfinite-spsnpm3meters,We=f ore,tiefo~m
equaticywcanbederived(seereference7):
.
,
(8)
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. and ()%“~=c~-%chak.z a (9) .
sinceequatias(8) and(9) areintermsofaerodynamic,ratherthan
geaetricparameters,theyshouldapplywithabouthesameaccuracyto
sweptorunsweptw5ngs.~ ordertorelatethefinit~ parameters
tothe~ planform,however,appropriaterelaticmsfortheveriuus
aerodynamicparametersincludedinequations(8) and(9) mustbeused.
!lheffectsofsweepa theparameterscZasc%>~~ ~ ~ have
alreadybeengiven,equatias(l),(6), (k), and(7), respectively.A
mod.ified-liftin&line4heoryequationfortheremainingparameterCk
canbe.obtainedfromtheapproximation,usedinreference4,that,
regardlessofthesweepangle,therelatiabetweentheaveragehduced
en~e ofattackandth~W@ iiftcoefficientisthesameas
unsweptellipticwing.Byapplicatiaof
accountingfortheeffectofsweeponthe
isobtained
thisapproximatim
secticmli&b+3urve
wherea isinradiansand,therefore,toa first
A C~
()
cosA
aL=oo
c%= A+2COSA
7
slat foran
andby
slope,there
approximation
Substitutionofthiseqpatimandequaticms(l),(6), (4), a (7)
in eqpaticms(8) end(9) leadstothefollowingmod.ifed-liftln@ine-
theoryequationsforthehinge+moment pemnetersofsweptwings:
%x=A COSAA+2COSA (%)A=OO (lo)
[() .Chb 2 cosA- (%)&oO(C~)&ooA= COSA COSAh C% + 2 Cos
‘1.
(n)&oo
TheseeqyaticmsaresubjecttotheusuallimitationsofMf’tdn@i.ne
theory.aswelJ_astotheinaccuraciesofthesimplifiedmethodofaccounting
fortheeffectsofsweep.
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Hhge=mmnt parametersgivenbyequations(10)and(U.)mightbe
expectedtoam cmlytofuU
T
controlsurfaces,hoethebasic
relaticms(equations(8)and(9) werederivedfor~+pan ccmtrol
surfaces.12xpriencehasindicate.,however,thatforusualarrang6mmlts
ofpartial+pancontrolsurfacesresultsobtainedfrrmnegyations(8)
and(9)arealmostidenticelwithresultsobtainedfrcunthemorecunibersae
equations,giventnreference1,whichaccountfortheactualcontrol-
“ surfacespen.Itisexpected,therefore,thateqcations(10)end(U)
alsoshouldbesuitableforpartial-spancontrolsurfaces. Correctims
for the induced+auibereffectshould,however,be appliedto eqpations(10)
and (IL), as discussedm the foUow3ng pemgraphs.
ing-mrface correctims.-No attempthas been made hereinto
evaluateaccuratelythe lift~ ace correcticm,resultingfrm the
induced camber,to-thehingem6memtsofcontrolsc&sweptw&0. Since
theproposedmethod.isconsideredtobesuitablecmlyforrou@ approxi-
mations,anyattempttoobtainprecisevaluesoftheMucekxmibereffect
wouldbeummrranted.Theaseumpti-aremade,therefme, thatthe
correcticmforhducedcenibercanbeappliedasanaddl.tiveincremantto
themodified-lifting-line-theoryequationsalreadypresentedandthat
theeffectsofsweeponthecorrecticmsareproportimsltotheeffects
ofsweeponthesection~t parameters.Theassumptionregarding
theeffectofsweepislogicaliftheinducedcamberinplanesparallel
totheplaneof-try is,fora givenaspectratioandforgivenwing
orcontrol-surfaceliftcoefficients,iependentoftheangleofsweep.
Thecmeticalcomectionsto % for~-s~ ~ outbosrdC ZOl
surfacesandto ~ forftill-spenco trolsurfaceshavebeenevaluated
forunswept_ inreferences2 ad 3, respectively.A methodof
obtainingcorrectionsto ‘%5 fm outboardcontrolsurfaceshasbeen
derivedempiricallyfromresultsofanun~blishedexperimental.invest@a-
tionoftheeffectsofcontrol+nzrfacespanmadewithenunsweptwingof
aspectratio6.23. Thetestresultswereusedtoevaluatetheratioof
therequiredcorrectionforenoutboardccmtrolsurfacetothereqyired
correctionfora full-spencontrolsurface.
Thecorrectionsfw lnduced~aoherffecteregivenina simplified
form,applicabletosweptor~pt _, infigure1. Correcticms
fora specificcontrolsurfaceareobtainedbymultiplyingthe
@ha *%quantities byappropriatevaluesofthefactcms
c2=s c B*%
giveninthedencdnators.Thesectionlift-curveslopesfortheairfoil
endcontrolsurfaceCZ - Czb sre,acbozitingtoeqpaticms(1)* (6),
a
()c1 = C2 cosAa a~oo
.
II
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ThefactorB2,whichisgivenas — tireference3, accountsfor
(ce/c)2
effectsofcakrol-surfaceandbalancechordratio-sandcenhe evaluated
fromfigure1. Thecurvesgivenfor B2 aredirectlyapplicableto
expos’ed+erhangbalances.*erience* indicated.thatappropriate
valuesof B
%2
fortiternallyhlancedccmtrolsurfacescanbeapproximated
byaseum@ e titerna14@.antechordtobeequivalenttoabouteight-
eenthsofthesameexpose&overhen@be3.encechwd. ThefactorsK&
and.K& whichaccountfortheccdrol+3u35acespan,arealsogivm in
figure1. Foroutboardcoptrolsurfacedthatextendapproximatelyto
.
wingtips,valuesof K& and ~ areobtainedfromfigure1 atthe
valueof Yi— correspmdingtotheepenwiselocatimoftheinboardb/2
endofthecontrolsurface.Forinboardcontrolsurfacesthatextand
the
frcmtheplaneofsymmetrytoenarbitraryspanwisestaticmthevalues
of K& end“~ mustbelessthen1.0,sincetheinducedceniberata
givenstationdecreasesa thedistanceofthestationfromtheplane
ofs-try decreases.Forpracticalpurposes,euffici~taccuracy
probablycanbeobtainedbyassumingthatforinboardcontrolsurfacesthe
i6equalto Y.valueofeitherKa or Kb —, wherey. isthedistanceb/2
fromtheplaneofs--try totheoutboardendofthecontrolsurface.
Completeequationsforthe~t pemmeters,withthe
induced=miber2fect
Oha=
ticluded,are-asfollowi:
A ‘0S A
(’h) +A+2COSA %-aLoo
%6
[(),A=oo - ‘%)A=oO(%)
2 cosA
=cosAcos~ ~ 1+A=OoA+2cot3A %
Machmmibereffects.-Thel%audtl-GLauertcorrectimforkch number
effectshasbeenappliedbyBritishinvestigatorstotheliftin&lin&theory
— .-. .....— -— —....- .———. _ __ -..
——-. ,..— ___ __ _.._. _ ___ . . .
e@aticmsforthe~ parametersofccmtrolsurfacescmunswept
finite-span*S. Similarprinciplescuuldbeappliedto“thequations
presentedhereinforsweptwings;butbecauseofthe.ayproximatenature
oftheequationspresentedndbecauseofllmitaticmsofthePrendtl–
GZauertfactor,suchanapplicatimisconsideredtobeunwarranted.ZU
general,itisfoundinpracticethatthechangesinboundary-layer
characteristics,whichaccapenychangesinMachnumber,maybeatleast
asimportentwithregardtohingemmentsastheso-calledfirhrder
Machnuaiberffectsonthesurfacepressures,whichexeaccuuntedfor
bythePrendtl-Glauertcorrection.TheUV6* effectofMachnmiber
Onhingemaments,therefwe,isfregpentlyfoundtobeconsiderably
differentf!ramthatwhichisindicatedthro@ha~icationofthe
Pranatlaezt factti. Testresultsgenerallyhaveindicatedsmall
effectsofsubcriticalvariationsinMachnumbera thehing~ nt
parametersofcantrolsurfaceshavingtrailh&edgeanglesofabout12°
. orless.Forsuchccmtrolsurfaces,estdmatesmadebytheproposed
procedures,whichneglectMachnumbereffects,shouldbereasonably
reliableuverthegreaterpertofthesubcriticeJ.Machnumberange.
DIXXJSSIOH
Theappro-te relatimsderivedforthe~t parameters
ofcontrolsurfacesonsweptwingsare= termsoftheusualtwc-
dimensionelparametersofanunsweptairfoil,forwhichthesignificant
sectionisconsideredtobeina planenmmaltothewingquarte~hord
line.Themethodappliesdirectlytottdl-spencontrolsurl%cesandto
‘ outboardcontrolsurfacesthatexlmnda~oximatelytothewingtips.
Themethodcanalsobeexpectedtoapplywithreasmableaccuracyto
inboardcontrolsurfaces.
ComparisonwithJkperiment
Ccmparismsofexperimentalendcalculatedresultsforwingshaving
3.6°and48.6°sweepbackofthequarte~&l linesarepresantedh
figure2. The~ with3.60sweepback(zerosweepofthe0.5cline)had.‘
anaspectratioof6.23,a taperatioof0.49,and0.200plainseeled
controlsurfacesextendingfromvariouspenuisestationstothewbg
tip. The48.6°sweptbackwingwasobtainedbyrotatingthe3.6°.swept-
backwingabouthetitersecticmofthe0.5c1- withtheplaneof
symmetry. Testsofthe48.6°sweptbackwingweremadewithtipscut
perpendiculartothe0.5clhe endwithtipscutparalleltotheplane
ofsymetry.Illeithercasetheaspectratiowasapproximately3.5.
Thesectionparametersoftheflappedairfoil(NACA651-01.2withstrai@t
‘sidesbackofthehhge line)wereestimatedfranresultsof~
dimensimaltestsoftheseineairfoilsection,butwitha differentflap
chordratio,tohavethefollowingvalues:
———— —-
—---- . . . . .
. ..— —-. ——-.—
. .:..
.-. --
I-1
.
.
.
.
()c1 = 0.105~ A=oo
(%+J =-0.0040
A=oo
5e c&mlated
(%) = -0.033.7A=OO ‘
curves sham in figure2 Wlicate SmsKlernegative
valuesof we hinge—moment parameters% the k8.6° smmtbackwln.gthan
for the 3.6°--back wing:Thereductionsresultboa fromtheeffect-
ofthelargersweepangleandfromtheeffectofthesmalleraspect
ratio.Forthecaseofful.l+psncontrolsurfacesa *s ofzero
sweep,theproposedmethodreducesessentiallytothemmOa of referenoe3,
whichhasgenersllybeenfoundtobereliableovera widersmgeof
aspectratios.Thecalculated.variatimsofkinge+lcmmntparameterswith
control~aoe spanappearfra figure2 tobeabuutasreliablefor
the~.& swepthokwingasforthewingwithessentiallyno sweep.Since
goodagreementbetweencalculatedandexperimentalresultswasobtained,
forthe3.6°sweptbaokwing,anydifferencesbetweencalctitedsad
experimentalresultsforthek8.6°sweptback- mi~tlogicallybe
consideredtoresultfrcmthe3nadequacyoftheproposedmethodin
accountingaccuratelyfortheeffectsofsweep,atleastfortheprti–
cularconfiguratimstested.
Althou@thecalculatedandexperimentalresults@e h qualitative
agreement,inthatsmallernegativevaluesoftheh~t parameters
wereobtainedasthesweepsnglewashcreased,theexperhmntal.redwticms
intheperimeterswithincreasedsweepsnglewerescmmibatsmallerthau
thepredictedreductims.Theaveragerrorofthepredictedvaluesfcm
the48.6°sweptbackwingisabout0.0010whenthewingtipswerecut
paralleltotheplaneofsymmetmgandabout0.0005whenthewingtiys
werecutperpendiculartothe0.5cline.ForsJ.1thepartis&spancontrol
surfacestested,theinboardendsoftheccmtrolsurfaceswerecut
perpendiculartothehingeline.Scmeunpublishedtestresultshave
tndicatedthatthehingemcmentsofcontrolsurfacesonsweptbackwings
arecriticallyaffectedbytheshapeoftheinboardendofthecontrol
surface.Valuesmallerinmagnitudethauthosepresentedh figure2
havebeenobtatiedwhenthetibosrdendofthecontrolsurfacewascut
\ t
.—-..— .— .—— . .— —. ..—.—....-
12 NACA~ NO. 1711
paralJ.eltotheplaneofsymmetry.Forsuchconfigurations,theerrors
inthepredictedvaluesmaybe smallerormayactuallybe o~ositein
signtothoseWcated byfigure2.
Ash thecaseofpreviousmsthod.sdevelopedforunsweptwings,the
proposedmethodisMaed onequaticmswhicharetitermsofsection
psmmeters.Theaccuracyofspecificdeterminationsforfinite-spsn
sweptwings,therefme, dependsontheaccuracywithwhichthesecticms
parametersc nbeevaluated.(kmparisonsofcalculatednde~erlmentsd.
valuesofthe
~t 1arameters,atspeedswellbelowthecritical
lhchnuniber,f= severalsweptwbgs andtailsurfacesaregivauin
tableI. Fordllmodels,excepthosenu?ibered2 and5,thesectim
psmmeterswereestha.tedbymeansoftheempiricslproceduresoutlined
inreferemce8. Models2 and5 hadbeenincludedininvestigationsthat
alsocmprieedtestsofunsweptwingswiththesamesectionsndgeneral
angementsa thesweptwings.Forthesemodels,thecmtrol+mrfaceam
tersreq~d togivewe experimentallydeteminedvaluessectiapsrsm
offinit~an parametersoftheunsweptwingswereused’inthecalculations
oftheparsmetrsforthesweptwings.Thisprocedurewasfollowedh
ordertoobtainthebestpossibleindicaticmofthereliabilityofthe
proposedmethod.forpredictingtheeffectofthechangefromtheunswe@
tothesweptconfiguration.
,,
l
TheexperimentalresultsforthemodelsincludedintableI show
relativelyargerendcmdeviationsfromthecslculal%dresults.These
randomdeviationsareno larger, however,thanthedeviatimsthathad .
beennotedpreviously(reference9)inccmrpszzlsmsofcalculatedand
experimentalhhqp-mmntparametersofcontrolsonunsweptail
surfaces.Noconsistenterror~ thecalculatedvaluesisevidentfrom
thecomparismsshownintableI. Althou@theexperimentalresults
availableatthepresentimeareconsideredtobeinadequatefor “
establishingtherangeofwingplanformsoverwhichtheproposedmethod
wuuldbeexpectedtoapplywithreasmableaccuracy,thehlications
arethatformostwingplanformsthemethodshouldbesuitableforuse
h prelimhary-designestimatesa forestimatingtheeffectsofminor
modificaticmsinplanformorsectim.
LimitationsoftheMethod .
Theaccuracyoftheproposedmethcdforpredictingeffectsofsweep
augle,taperratio,orcontrol-surfacespauisexpectedto decreaseas
theaspectratiodecreases.Althoughno defin.iteplan-formNmitatims
canyetye established,applicationftheproposedmethod.towingsof
approximatelytriangularplsnform,withaspectratiosofabout3 or
lass,couldnotbe eqectedto yieldtheorderofaccuracynormslly
obtainedforunsweptwtngsortailsurfaces.Themethodhasnotbeen
eetup ina mannerthatisdirectlyapplicableto controlsurfaceshaving
variablechordratiosorsectimContourslingthespans.Formost
.
.— -- —. —.— —-. — - ... .
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configurations,sufficientaccuracyprobablycan he obtainedby using
6*18 averagevalws of the se@iau parameters.Reducedaccuracyof
predictedfinite+psn parameterswould,of course,he expectedto
resultfrcm increasedspamise variatims in ccmtrol-surfacechmxl
ratioor in sectioncontour.
Ashad.beenmentimed peviously,testshaveshuwnthatfcrrswept-
baokwingstheshapeoftheendsoftheccmtrolsurfacemayhavesn
importanteffectonthehingemcments:Theproposedmethod,be-
. basedm theassumptiauofsimplepotential%lowloaddistributims,is
expectedtoapplymostsatisfaotxxril.ytoamangementsthathavethe
control+nzrfaceendscutparalleltotheplaneofsymmetry.Theeffects
ofvariablessuchastheshapeofthecontrol-surfaceends,the-tip
shape,orwhg cut-outscanbehandledmostsatisfactailybyempirical.
proceduresthatcanbedeveloped.onlyaftera consitirablesmcuutof
experimentald tahasbeenaccumulated.
CONCIJIDINGRmARRE’
Anap~oximatemethodofaocount3ngfortheeffectsofsweephas
beenappliedtopreviously&etezm&mdeqyationsforthe~t
parametersofcontrolsurfacesonunsweptwingsatluwMachtiers.
Comparisausofcalculatedande~erimentalresultsforthehinge+ucmmnt
parametersofvariousarrangementsofcontrolsurfacesontwowingplan
formsindicatethatthepredictedffectsofsweepemdccmtrol~ace ,
spanarereasmsblyreliable.Asinthecaseofmethodsdeveloped
previouslyforunsweptwings,theaccuracyofspecificdeterminations
dependsontheaccuracywithwhichthesectimparameterscanbeevaluated.
Theaccuracyoftheproposedmethodinapplicationstosweptwings
appeemtobeofabuuthesameorderastheaocuracyofpreviousmethods
= applicatimstounsweptwings.Thepmp0f3t3a method, therefore,is
consideredsuitableforuseh preliminarydesignorfor_ estjma.tes
oftheeffectsofndnmmodlfica.timstiplsnfcmmorsection.
LangleyAercmauticsl@boratory
NationalAd.vlsoryCcmmitteeforAeronautics
hngley I?iela, Va.,J- 28,1948
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